1.3) How in-use stocks are reflected in current models of the social metabolism
Material and substance flow analysis (MFA and SFA) as well as material flow accounting 143 recognize in-use stocks as important element of the social metabolism. Additions to in-use 144 stocks enter the mass balance of a process and therefore they have to be considered in 145 mass-balanced systems. Static MFA studies, typically with a sampling period of one year, 146 have been published for more than 20 years, e.g., (Baccini and Brunner, 1991; Baccini and 147 Bader, 1996; Graedel et al., 2004; Rechberger and Graedel, 2002) . Some studies contain 148 more than one layer, e.g., the material and the economic layer (Kytzia et al., 2004; Nathani, 149 2009). Dynamic stock models (Baccini and Bader, 1996; Müller, 2006 ; van der Voet et al., Integrated assessment modeling (IAM) and general equilibrium modeling (GCE) both contain 176 detailed models of productive capital stocks (Burfisher, 2011; Loulou et al., 2005) . This is 177 necessary as these models endogenously determine supply curves using a detailed list of 178 different types and in some cases vintages of production facilities within each economic 179 sector. Especially technology-rich IAMs such as the TIMES-model (Loulou et al., 2005) 180 consider vintages and ageing of production assets and detailed process inventories. Material 181 stocks, however, are covered only inconsistently, if at all. The relation between material and energy throughput, in-use stocks, and service provided to end-users is treated inconsistently 183 and cursory. An example is the steel industry extension of the POLES model, where 184 availability of post-consumer scrap is not limited by the dynamics of in-use stocks, but is 185 taken for granted (Hidalgo et al., 2003) . 186 There is a lack of understanding of how the different roles of in-use stocks influence the 187 transition to a new metabolic regime. This is to a large extent a consequence of the cursory To demonstrate the importance of understanding in-use stock dynamics we focused our 214 assessment on strategies that reduce energy and material throughput while keeping the 215 service provided by in-use stocks constant. We call these stock decoupling strategies. These 216 include energy efficiency, material efficiency, moderate lifestyle changes, and combinations 217 thereof. We focused on three specific cases of emissions abatement in the major sectors 218 buildings, transportation, and industry. In section 2 we provide an overview of our choice of methodology, a systematic allocation of 237 different impact mitigation options in the framework of the socio-economic metabolism, and 238 an approach for benchmarking emissions reductions in a particular country and sector 239 against global emissions reduction targets (question 1). We introduce the three case studies.
240
In section 3 we present and assess the case-study specific strategies for emissions mitigation 
3) Results

405
We first present the baseline emissions and then the mitigation wedges associated with 406 energy and material efficiency, hybrid solutions, and lifestyle changes for each case study 407 (question 2, Fig. 2) , and then the throughput of passenger cars, dwelling space, and steel, to 408 build up and maintain the respective in-use stocks (question 3, Fig. 3 ). 
3.2) Consequences of throughput reduction on industry production (question 3)
472
Next to the assessment of the carbon footprint in Figure 2 , we studied the impact of the 473 stock decoupling strategies on throughput of passenger cars, building space, and steel ( Fig.   474 3). Under business as usual assumptions, passenger car registration in China will rise from 475 the present 10 million units per year to about 40 million units per year (Fig 3a) . Increased decoupling strategies have substantial impact on material and commodity production (cf. 
